Thyroid cancer is the most common type of endocrine tumor. MicroRNAs (miRNAs) play a critical role in a variety of diseases, especially cancer occurrence and progression. However, the specific mechanism by which miRNAs trigger disease states has not been fully elucidated. This study aims to investigate the role of miR-27a in thyroid cancer cells. A wound healing assay was adopted to examine cell migration. A transwell assay was applied to assess cell invasion. A thyroid cancer xenograft model was established using BALB/c nude mice. Western blot was performed to quantify iNOS expression. Tumor tissue blood vessel density was evaluated via immunohistochemistry assays. The results indicated that miR-27a downregulation inhibited thyroid cancer cell migration, while upregulation of miR-27a promoted thyroid cancer cell migration (P < 0.05). Furthermore, reduction in miR-27a expression suppressed thyroid cancer cell invasion (P < 0.05). In the
nude mouse model of thyroid cancer xenograft, upregulation of miR-27 induced iNOS expression in pathological tumor tissues, whereas miR-27a inhibition resulted in the opposite effect (P < 0.05). CD105 level was also significantly increased during miR-27a upregulation, and was declined when miR-27a was inhibited (P < 0.05). In conclusion, miR-27a upregulation in thyroid cancer cells affects tumor cell migration, invasion, and angiogenesis by targeting downstream genes. Therefore, miR27a may act as a biomarker of thyroid cancer.
INTRODUCTION
Thyroid cancer is the most common type of endocrine tumor, and its incidence has increased over the years . Thyroid papillary carcinoma is the most common pathological type of thyroid cancer. Although it is known for its low malignancy rate and has good disease prognosis, local recurrence is closely associated with tumor progression. Currently, there is still a lack of specific prevention and control strategies for this disease. Therefore, early diagnosis and therapeutic targets for thyroid papillary carcinoma are essential to prolong patient survival.
In the recent years, it has been shown that microRNAs (miRNAs) play a critical role in a variety of diseases, especially in cancers (Wang et al., 2012; Cao et al., 2014; Qi et al., 2015) . A miRNA is a type of non-coding single-stranded RNA, usually between 18 to 24 bp long. It can completely or partially bind to the 3'UTR of target mRNA via complementary binding. Under the effect of RNA exonuclease, miRNAs can selectively degrade mRNA to inhibit or activate downstream genes (Bai et al., 2009 ). miRNAs mainly regulate downstream genes by suppressing mRNA transcription. Therefore, mRNAs can also regulate cell function and oncogene activation through downregulation of functional proteins (Lu et al., 2005) . Recently, numerous studies have examined the role of miR-27a in cancer progression. miR-27a was reported to promote drug-induced immune cells death in colon cancer (Colangelo et al., 2016) , and to affect the activity of thymus gland cancer cells (Zhou et al., 2016) . Moreover, specific miRNAs were shown to improve diagnostic sensitivity and specificity of hepatocellular carcinoma (Zuo et al., 2016) . In addition, miRNAs were revealed to regulate ZBTB10 (Tang et al., 2014) and PATZ1 (Sun et al., 2010) , which play critical roles in thyroid cancer. However, the exact role of miR-27a in thyroid cancer has not been investigated.
In this study, we adopted both in vitro and in vivo models to examine the effect of miR-27a in thyroid cancer. Specifically, we aimed to investigate the role of miR-27a in thyroid cancer cell migration and invasion at the cellular level, and to explore its effects on angiogenesis in the tumor xenograft nude mouse model.
MATERIAL AND METHODS

Main reagents
Total protein extraction kit was purchased from Qiagen (Qiagen Inc. Co., Hilden, Germany). Western blot lysis, BCA protein quantification kit, and immunoprecipitation protein A + G agarose were provided by Beyotime Inc. Co. (Shanghai, China). Rabbit antimouse iNOS monoclonal antibody and rabbit anti-mouse CD105 polyclonal antibody were obtained from Proteintech Inc. Co. (Rosemont, IL, USA). HRP labeled goat anti-mouse IgG (H + L) (and HRP labeled goat anti-rabbit IgG (H + L) were bought from ZSGB Bio. Inc. Co. (Beijing, China).
Cell culture
The thyroid papillary cancer cell line, IHH-4, was purchased from the cell bank of the Chinese Academy of Sciences (Shanghai, China). The cells were maintained in DMEM (Dulbecco's Modified Eagle's medium) supplemented with 10% FBS, 100 U/mL penicillin, and 100 mg/mL streptomycin. Cells were cultured at 37°C with 5% CO 2 .
Wound healing assay
Cells were cultured in 6-well plates, and were scraped with a 200-µL tip when 90% confluence was reached. After washing 3 times with PBS, cells were imaged under the microscope. Following a 12-h incubation period, cells were imaged again to calculate migration. All in vitro assays were replicated at least 6 times.
Transwell assay
Transwell chambers were pre-cooled at 4°C, and the extracellular matrix (ECM)based matrigel was thawed at 4°C. Transwell chambers were then inserted into the wells of a 24-well plate, and were coated with 50 µL diluted ECM matrigel at 37°C for 4 h. The cells were digested by enzyme and were seeded into the upper chamber; DMEM supplemented with 10% FBS was added to the lower chamber. Following incubation, the membrane was stained with 0.1% crystal violet, and was observed under the microscope for cell counting.
miR-27a mimic and miR-27 inhibitor
The miR-27a mimic sequence (5'-UACGG UUUCA ACAGU GUGGA-3') and miR-27a inhibitor sequence (5'-ACUUG UGCGG UCUAG AGA-3') were sub-cloned into the pcDNA3.1 vector (Invitrogen, Carlsbad, CA, USA) to obtain the pcDNA3.1-miR-27a plasmid and the pcDNA3.1-miR-27 inhibitor plasmid. The miR-27a mimic and the miR-27a inhibitor were synthesized by Gene Pharma (Shanghai, China). The plasmids were transfected using the lipofectamine 2000 reagent (Invitrogen). The transfection complexes were prepared according to manufacturer instructions.
Grouping of experimental animals
Male and female BALB/c nude mice were provided by Vitalriver (Beijing, China), and were raised under the specific pathogen free barrier system. The mice ranged between 4-8 weeks of age, and weighed between 16-18 g. Mice were randomly divided into control, miR-27a upregulation, and miR-27a downregulation groups, with 10 animals in each group. Control mice received no treatment after tumor inoculation, whereas the treatment groups received either the miR-27a upregulator or the inhibitor via tail vein injection at 50 ng/kg/day for 28 days. The study protocol was approved by the Institutional Care and Use of Animals Committee of The Third Xiangya Hospital of Central South University, Changsha, China.
Thyroid cancer xenograft model establishment
The thyroid cancer xenograft model was established according to protocols described by Yin et al. (2016) . IHH-4 cells at 90% fusion rate were digested by enzymes and resuspended in PBS at 1 x 10 7 cells/200 µL. A total of 0.2 mL cell suspension was sc injected into the neck of nude mice. General behavior, including activity and eating, were monitored daily. Animals were sacrificed on the 30th day, and tumor tissues were extracted.
Western blot
Phenylmethylsulfonyl fluoride was added to the lysis buffer at 1 mM final concentration. A total of 100 mg tumor tissue was digested in lysis buffer at 4°C for 15 min. Following centrifugation at 10,000 g for 15 min, protein content in the supernatant was quantified by the BCA method. Next, protein was denatured in boiling water for 5 min, and was stored at -20°C. Proteins were separated by 8-12% SDS-PAGE, and were transferred to a PVDF membrane at 300 mA for 1 h. The membrane was incubated with iNOs primary antibody (1:1000) at 4°C overnight, and was further incubated in goat anti-rabbit secondary antibody (1:1000) at 37°C for 2 h. Proteins of interest were detected by chemiluminiscence, and was visualized using a Chemi HR camera on the Bio-rad system. Lastly, protein expression was analyzed by the Gel-Pro Analyzer Version 4.0 software.
Immunohistochemistry
Tumor tissue was fixed in 10% formaldehyde for 24 h, and was then embedded in paraffin. Tissue sections were dewaxed, and incubated in 3% hydrogen peroxide for 20 min to eliminate endogenous peroxidase the activity. Epitope retrieval was performed in citrate buffer at 95°C for 10 min, after which the sections were blocked in goat serum for 20 min. Tissues were incubated in CD105 primary antibody (1:100) at 4°C overnight, washed with PBS, and further incubated with HRP labeled secondary antibody. Sections were then washed and developed by 3,3' diaminobenzidine.
Statistical analysis
All data analysis was performed with the SPSS 19.0 software. Data are reported as means ± SD. Normally distributed data sets were compared using the Student t-test. P < 0.05 was considered to be statistically significant.
RESULTS
MiR-27a upregulation promoted thyroid cancer cell migration
Wound healing assay results demonstrated that cell migration was enhanced significantly 24 h following miR-27a upregulation by miR-27a mimics (74.5 ± 6.1%), compared to that observed in the control group (40.9 ± 3.6%) (Figure 1 , P < 0.05). Conversely, cell migration decreased after miR-27a inhibitor treatment (31.6 ± 5.3%), though not significantly, suggesting that miR-27a upregulation may enhance cell migration (Figure 1) . 
MiR-27a upregulation enhanced invasion of thyroid cancer cells
Invasion of thyroid cancer cells was evaluated via the transwell assay following treatments with either the miR-27 mimic or the inhibitor. We found that 24 h following miR-27a upregulation, the number of cells passing through the membrane was significantly increased (37.6 ± 5.3) compared to that in the control group (19.1 ± 4.5) (P < 0.05). In addition, miR-27a inhibitor reduced cell invasion (14.9 ± 0.6), compared with that in the control (Figure 2) . These results suggested that miR-27a upregulation enhances invasion of thyroid cancer cells.
Effect of miR-27a upregulation on iNOs expression
iNOs is an early marker of angiogenesis (Cheng et al., 2014a; El-Sehemy et al., 2016) . We examined iNOs expression in tumor tissues from nude mouse xenografts. As shown in Figure 3 , iNOs expression was significantly elevated in the miR-27a mimic group (1.68 ± 0.32) compared with that in the control group (1.00 ± 0.21) (P < 0.05). As expected, its expression was downregulated in the miR-27a inhibitor group (1.11 ± 0.18) (Figure 3) . Therefore, miR-27a upregulation may promote angiogenesis in thyroid cancer tissues. 
Effect of miR-27a on blood vessel density in thyroid cancer tissues
Immunohistochemistry was used to detect density of neovascularization, as described previously (Cheng et al., 2014b) . As shown in Figure 4 , CD105 level was significantly increased in miR-27a mimic treated mice (71.2 ± 7.8%) compared to that in the control group (55.1 ± 5.5%) (P < 0.05). The opposite trend was observed when animals were treated with the miR-27a inhibitor (10.5 ± 2.6%) (Figure 4 ), suggesting that miR-27a upregulation promotes angiogenesis. 
DISCUSSION
Papillary thyroid carcinoma, one of the most common types of differentiated thyroid cancers, belongs to a class of thyroid microcarcinomas with primary lesion diameters less than 1.0 cm. It is also regarded as the thyroid cancer that shows the greatest rise in incidence (Beksac et al., 2016) . It commonly appears in females aged 20-40 years, and does not present with obvious symptoms. Capsule hemorrhage can lead to sudden thyroid enlargement, resulting in nodular tumors with smooth edges that can move up and down during swallowing (Matsuno et al., 2013) . Although the degree of malignancy for papillary thyroid carcinomas is low, and patients have good disease prognosis, its local recurrence may be associated with tumor progression. Currently, there is still a lack of clear prevention and control measures for this disease. Therefore, early diagnosis and treatment is of great significance to prolong patient survival. The discovery of potential therapeutic target in the basic research is particularly important (Hong et al., 2016) . In recent years, it has been shown that miRNAs play important roles in a variety of diseases. miRNAs are a type of non-coding small single-stranded RNAs, usually between 18-24 bp long, that can completely or partially bind to the complementary 3'UTR of target mRNAs. RNA exonuclease can selectively degrade mRNAs, thus regulating downstream gene inhibition or activation (Huang et al., 2016) . miRNAs mainly regulate downstream genes by inhibiting transcription. They can also affect cell function and oncogene activation through downregulation of several proteins (Frediani and Fabbri, 2016) (Frediani & Fabbri, 2016) . The regulatory role of miRNAs in protein synthesis under physiological conditions is extremely important. miRNA dysregulation is associated with a variety of human cancers, including thymic carcinoma (Joyce et al., 2016) , liver cancer (Otsuka et al., 2016) , and bile duct carcinoma (Pisarello et al., 2015; Mutalib et al., 2016) . Different miRNAs play critical roles in different kinds of malignant tumors.
MiR-27a is a popular miRNA in research, and has been confirmed to be associated with cancer malignancy. It was also evaluated as a potential biomarker to improve diagnostic sensitivity and specificity (Zuo et al., 2016) . This study investigated the effect of miR-27a on thyroid cancer cell migration, invasion, and angiogenesis in both cell lines and animal models. At the cellular level, miR-27a upregulation promoted migration and invasion of cancer cells. However, tumor metastasis is a complicated process, where tumor cells need to also pass through the cellular matrix and the vascular wall in order to enter into the circulatory system (Thakur and Bedogni, 2016) . Therefore, we used the transwell assay to investigate the effect of miR-27a on tumor invasion during simulated tumor metastasis. In animal models, nude mice were subcutaneously inoculated with thyroid tumor cells evaluate the effect of miR-27a. It was determined that miR-27a upregulation may promote angiogenesis in tumor tissues.
Regulation of miRNAs in thyroid tumors is an extremely complicated process with numerous factors (Valderrabano et al., 2015) . We confirmed that miR-27a promotes thyroid cancer migration, invasion, and angiogenesis under both in vitro and in vivo settings. However, the specific mechanisms by which it acts is still unclear, and is in need of further in-depth research. It is possible that miR-27a inhibitors could be used as a target in the treatment of thyroid carcinoma.
CONCLUSION
The level of miR-27a can have an effect on thyroid cancer cell migration and invasion; miR-27a upregulation was found to be associated with migration, invasion, and angiogenesis of thyroid cancer cells. Therefore, miR-27a could be used as a marker to monitor progression of thyroid cancers.
